T he Meta-Analysis of Cell-Based Cardiac Studies (ACCRUE) consortium recently published the results of the first prospective individual patient data (IPD)-based meta-analysis that included 12 randomized clinical trials investigating 1-year outcomes in patients with recent STsegment-elevation myocardial infarction (STEMI), who received intracoronary autologous stem and progenitor cells. This IPD meta-analysis showed no effect of intracoronary autologous cell-based therapy on left ventricular function and clinical outcome in patients with recent STEMI. This contradicts some data from several small-or medium-sized single-and multicenter studies and multiple publicationbased meta-analyses involving clinical cardiac regeneration in STEMI. Although de Jong et al 2 recently reported no difference between the cell therapy and control groups if the left ventricular parameters were measured by cardiac magnetic resonance imaging (cMRI), and the clinical end points (adverse events) were not significantly different in most of the meta-analyses, the major question is, why publication-based meta-analyses were in agreement, reporting beneficial effects of autologous reparative cell therapy in recent STEMI, but the IPD-based meta-analysis reported a negative outcome. 1 A thorough review of the data collection, statistics, and overall principles of meta-analyses may provide some answers and useful insights to interpret current findings.
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Summary of Aggregate and IPD Meta-Analyses of Studies Including Patients With Recent STEMI and Intracoronary Cell Therapy
A summary of the meta-analyses of randomized trials in patients with recent STEMI receiving intracoronary cell-based therapy is provided in Table 1 , showing the results of the efficacy outcome parameters. The meta-analyses of clinical studies involving patients with chronic ischemic heart disease who received percutaneous intracoronary or intramyocardial or direct (during coronary artery bypass surgery) intramyocardial cell-based therapy are listed in Online Table I and References I-V. The main results of the meta-analyses, including all cardiac studies with cell-based therapy irrespective of randomization, cell type, or delivery mode, are provided in Online Table II and References VI-IX. [19] [20] [21] The first analysis of the ACCRUE database reported the outcome of patients with recent STEMI randomized to intracoronary cell-based versus placebo therapy; therefore, this review concentrates on the discordance between the actual ACCRUE data and the data from the meta-analyses listed in Table 1 .
Heterogeneous Outcomes Regarding Left Ventricular Function and Remodeling in MetaAnalyses
The cardiac efficacy end point of all meta-analyses was the change in ejection fraction (EF), and most of the meta-analyses also reported changes in end-diastolic volume (EDV) and end-systolic volume (ESV). There have been heterogeneous outcomes regarding left ventricular function and remodeling, expressed as changes in EF, EDV, and ESV in meta-analyses (Table 1) . Aggregate data meta-analyses suggested that there was a benefit from cell-based therapy, based on significant increases in EF when compared with controls, whereas IPD analysis did not support this. There was a significant improvement in EF in 16 of the 17 meta-analyses of STEMI patients with cell therapy, and 10 of these analyses reported a significant decrease in ESV with a parallel significant decrease in EDV in 4 studies (Table 1) . Decreases in ESV and EDV have particular importance in the assessment of left ventricular systolic function and remodeling. However, as the EF is derived from the EDV and ESV, parallel changes in both these measures might lead to an unchanged or similar calculated EF value, which should be considered in left ventricular function outcome studies. One of the 3 meta-analyses assessing EF changes by cMRI showed no significant difference between cell treated and control patients (Table 1) . 2 The ACCRUE did not include a subgroup analysis of EF measurement by cMRI, as significantly (P<0.001) more patients in the cell-treated group were evaluated using cMRI than the controls, because of 2:1 randomization of some included studies ( [22] [23] [24] [25] [26] [27] Nevertheless, the methods for evaluation of left ventricular function and remodeling parameters were inconsistent between the studies included in the ACCRUE, as mentioned in the original article. 1 In contrast to the IPD approach, clinical and statistical heterogeneity was greater (≤92.2%) 3 with aggregate data pooling in the standard meta-analytic approach, based on the calculation of mean difference in EF between the groups. According to the large variability between the studies included in the publication-based meta-analyses, a larger change in EDV (−4.6 mL) or ESV (−4.47 mL) was not significant, which was in contrast to the much smaller but significant change (EDV of −0.18 mL or ESV of −0.25 mL) reported in other publications. 4, 7, 10, 14 Although intratrial variability may provide an explanation, the observed effect sizes raises the question of clinical relevance for the change in EDV and ESV in these reported ranges (−4.16 to +1.2 mL and −7.4 to −0.25 mL, respectively).
An evaluation of the relationship between the sample size of the meta-analyses and the time sequence of publications demonstrates a narrowing difference between cell-based treatment and control patients on changes in EF (Figure 1 ). The larger studies are more likely to be recent because of increasing numbers of individual studies being published. Larger meta-analyses included not only more patients but also more studies. There are profoundly different methodological and interpretative challenges between a meta-analysis consisting of 2000 patients from 2 studies and 1 with 2000 subjects from 50 studies. This perspective is helpful when considering the relationship between effect size and sample size. Larger meta-analyses tend to show smaller but significant changes in effect sizes. Although the larger metaanalyses may be associated with a smaller change in EF on average, increasing the number of studies (with growing variability between the separate nonsynchronized studies) in the larger meta-analyses may enhance the background noise, making it harder to discern the signal (effect) identified by smaller homogeneous studies. 28 Thus, both the number of studies and the sample size included in meta-analyses determine their importance.
Mortality and Adverse Events Paradox in Meta-Analyses
The clinical end point results of the meta-analyses are listed in events in publication-based meta-analyses is difficult because the end points of the separate studies have heterogeneous definitions. Approximately one third of trials included hospitalization as an adverse event as a part of the composite outcome measure, or some additional adverse outcome, such as implantation of an automatic implantable cardioverter defibrillator, which did not count as an event in other studies. Notwithstanding, publication-based meta-analyses pool studies with diverse primary end point definitions that report one clinical outcome as an adverse event, resulting in a high level of heterogeneity and inconsistency between trials. This approach also leads to contradictory conclusions of the effect of cell therapy on mortality or combined or separate adverse events, with significant effects in 1 meta-analysis but not in another (Table 2) . It is not uncommon for different meta-analyses to have conflicting results. As with clinical trials that use different methodologies (eg, continuous end points versus dichotomous end points, different follow-up periods or imaging modalities), meta-analyses commonly have differences in their end points, outcome assessments, and conclusions. As long as the collection of studies or the methodologies of analyses are different, we can anticipate that results from the meta-analyses will vary. A difference in results is more likely when the overall effect size, the primum movens of the meta-analyses is small with large confidence intervals. An exception is the only IPD meta-analysis of the ACCRUE, which included a large number of patients using predefined clinical events for all studies. This translated into highly consistent estimates with low or no heterogeneity for clinical outcomes analyses. In addition, IPD collection allows time-to-event data to be generated for estimating time-dependent event-free survival, which is completely impossible in a publication-based meta-analysis.
Another exception is the Cochrane database analyses, which pooled studies with the same definitions for adverse outcome, or measurement of EF at the same time point using the same imaging tool. 5, 11 Although this method seems to be the statistically most correct with the highest quality among publicationbased meta-analyses, such an approach leads to the reduction in the number of patients, in particular, in the subgroups. It also might be responsible for some surprising results, such as a lower long-term (12-60 months) restenosis rate (2.7% in the bone marrow mononuclear cell group in 4 studies) than shortterm (<12 months) restenosis rate (11.3% in the bone marrow mononuclear cell group) or a higher incidence of target vessel revascularization (11.9% in the bone marrow mononuclear cell group in 9 studies with <12-month follow-up and 14.3% in the bone marrow mononuclear cell group with long-term followup) than restenosis rate after cell therapy or control treatment. 11 Furthermore, the continuous updating of the Cochrane database to include more studies with more patients (similar to other Meta-analyses focusing on specific outcome, eg, imaging or long-term outcome or including patients with chronic ischemic heart diseases or cohort studies are excluded. [18] [19] [20] [21] Comments to meta-analyses) leads to some contrasting results compared with the previous version of the meta-analysis. 5, 11 However, even if ACCRUE used prespecified dichotomous parameters, the imaging modalities for measuring the continuous parameter are different and may vary in any of the IPD-based databases, which is one major drawback of such data collection.
Heterogeneous Statements on the Results of Subgroup Analyses
One important but surprising finding of the ACCRUE IPD meta-analysis was the similar EF improvement in both cell-based treatment and controls in the subgroup of patients with low baseline EF. Some cell therapy trials 22, 29, 30 and meta-analyses 12-14 Figure 1 . Association between the number of patients (sample size) and weighted mean difference in the left ventricular ejection fraction (EF) between cell-based treatment and controls in meta-analyses of intracoronary cell therapy in patients with recent acute myocardial infarction. A, Sample size (blue columns) and changes in EF from baseline to followup (differences between cell-treated and controls; red columns). B, Correlation between sample size and mean difference in EF between cell-based treatment and control groups. are in agreement that patients with lower EF benefit more from cell therapy than patients with higher baseline EF, in terms of a greater increase in the EF at follow-up. This is in contrast with the results of another study 31 and meta-analyses. 1, 4 Conflicting statements describing the effect of time (time interval between STEMI and cell therapy/randomization) and the number of injected cells increase the uncertainty about the effect of cell therapy (Table 3) . Nevertheless, an effect of a parameter on outcome may not be strongly convincing if significant in one meta-analysis but not in another.
Furthermore, as the EF increases continuously during the first year after STEMI under standardized treatment, a lower EF measured very early after STEMI attack is a priori associated with a greater increase in EF (Figure 2) . 32 Resolution of the myocardial stunning in the immediate postinfarct period can dramatically improve the left ventricular EF. Thus, the timing of when the baseline EF is measured both in cell-treated and control patients is critical for the correct interpretation of the EF improvement. Accordingly, patients in the placebo group with lower EF demonstrated a greater increase in the EF during the follow-up in the ACCRUE. The changes in EF in the subgroups of cell-treated patients with baseline EF <50%, <45%, or <40% were 4.1±9.9%, 4.5±9.8%, or 5.0±9.7%, respectively; these values were similar to the controls classified into the same subgroup categories (3.5±9.0%, 3.8±9.0%, or 4.1±9.6%, respectively) in the ACCRUE. 1 Although patients with cell-based treatment with lower EF at baseline have a greater increase in the EF (Figure 2 ), this is also true for the control group. Both randomization arms received the standard medical therapy, with additional cell-based treatment in 1 group. However, the magnitude of the difference between the groups, which may be attributed to the cell therapy itself, was not significant.
The meta-analyses pooled studies that used different methods for measuring EF, except for the Cochrane database.
5,11
Measurement of left ventricular function using various methods results in various normal values and measurement errors. The methodological error of measuring left ventricular EF is 2.97% to 3.56% for MRI and ≤7.4% for echocardiography, and the absolute value of EF is lower if measured by radionuclide imaging. [33] [34] [35] In addition, the difference in EF between cell-based treatment and controls is always lower when MRI is used versus echocardiography or contrast ventriculography. 36 However, it is unclear whether a mean difference of 0.9% to 4% in the EF between cell therapy and controls is greater than the methodological error and represents a real, clinically relevant improvement.
Bias of Meta-Analyses Data Collection Bias of Aggregate Data Versus Prespecified Outcome Collection in IPD
One of the major pitfalls of meta-analyses is collection bias related to the inclusion of clinically heterogeneous studies. Publication-based meta-analyses can include all studies but because of nonunique definitions of the parameters, they have high, nearly inacceptable heterogeneity between trials. In contrast, the IPD meta-analysis (ie, ACCRUE) used predefined end points; therefore, the heterogeneity and inconsistency is low, ≈0% for adverse events. The IPD approach allowed analysis of the data according to the intention-to-treat principle. However, the IPD meta-analysis results depend strongly on the choice of included studies (which is based on the availability of IPDs) and international cooperation between investigators. Thus, the inclusion of a majority of negative trials without the possibility of balanced inclusion of positive trials results in a negative outcome. The ACCRUE included 12 studies with 104 patients per group, in contrast with the nonparticipating 19 studies with a mean of 46 patients per group. 1 Participating in ACCRUE required an agreement between the principal investigators of the study and the ACCRUE data committee on the aim and objectives of the ACCRUE, and involvement should be approved by the institutional scientific and publication policy and local ethical committee. Furthermore, because of different definitions used in the original study and the ACCRUE database, unavoidable differences between the published summary and IPD may develop in regards to terms and the interpretation of the result. This is a vulnerable target for international critics and a major reason for not participating in an IPD-based meta-analysis.
The IPD-based meta-analysis focuses on the most important parameters and keeping the database as simple as possible; as a result, drawbacks of this approach include the omission of some surrogate outcome parameters and a lack of data on subjective measures. Publication-based meta-analyses can evaluate all published parameters, such as different follow-up times, 2,3,6,12 injected cell volume, 5,11 infarct size, 5,11 bone marrow aspiration in the control group, 15 different cell types, 5,11,16 details on cell preparation, 17 quality of life scores, 5 or any subjective or semiobjective parameter. Some of these data are evaluated even if they are only reported in a fraction of the collected trials. For example, myocardial infarct size decreased by 3.51% (P=0.004; n=240 patients) in the study of Martin-Rendon et al 5 and by 1.9% (not significant; n=670 patients) in the study of Clifford et al 11 if follow-up was <12 months, 11 but the improvement was 3.36% when studies with ≥12-month follow-up were selected (P=0.0021; n=353 patients in the bone marrow cell therapy groups compared with controls). Evaluating changes in the infarct size is particularly difficult because most of the studies did not assess baseline infarct size. Similarly, heterogeneous results have been published on changes in the wall motion score index: not significant if follow-up was <12 months (−0.06; P=0.17; n=747 patients) but significant in another meta-analysis (−0.06; P=0.002; n=793 patients), and with longer follow-up (≥12 months; −0.12; P=0.0042; n=279 patients; thus the statistics may be contradictory when including different studies.). 11, 17 The incidences of cardiac arrhythmias were similar in subgroups of cell-treated and control patients. 5, 6 As mentioned in the ACCRUE paper, even if such data were collected in IPD-based meta-analyses, data available for <50% of the patients may not represent the whole collective; therefore, these data were not assessed.
Using IPDs avoids data conflicts. In addition, the IPDbased meta-analysis using original data is protected from publication errors or from duplicate publications caused by diverse subgroup analyses. Yet, a major problem of IPD analysis remains the long and overwhelming effort needed for data collection and analysis if no financial support is available.
Analysis Bias
Meta-analyses that rely on published literature may report some inaccuracies in summarizing the results, as different studies provide data in various formats. An example of this is the statistical calculation of the benefit of cardiac cell therapy required for forest plotting for each of the control and cell treatment groups that includes (1) sample size, (2) mean changes from baseline to follow-up, and (3) the SD of these changes (Figure 3) . However, if a study does not publish the changes in EF, but instead only the baseline and follow-up EF, the recalculation of the mean change is flawed because the mean change should include individuals who have evaluation at both baseline and follow-up. Thus, although this recalculation is based on widely accepted mathematicalstatistical formulas, 37 it may result in a different mean±SD than the unpublished data available to the trial's investigators. Approximately half of the cell-based cardiac regeneration studies do not report arithmetic means and SDs for the changes in continuous outcome parameters, such as EF. Consequently, virtual recalculated mean±SD of some studies are used in different meta-analyses (Table 4) 2,20 (Online References X-XIX), which enter different numeric data for the same study into the forest plot statistics and decrease precision in their overall estimate. The SDs are pivotal for computing the statistical weights of the studies; therefore, such an approach can lead to biased conclusions, not assigning a real weight to the study, and ultimately masking the true statistical effect (Figure 3) . Moreover, summary data are often presented for the entire study population, even if paired baselinefollow-up data are not available for all patients. In contrast to these approaches, the IPD-based meta-analysis (such as the ACCRUE) uses the original data, with the ultimate benefit of not needing virtual data calculation. Accordingly, no difference was found between the IPD-calculated changes in the mean and SD and the values of the original studies if the study published these parameters.
Some differences between the meta-analysis results can also be attributed to errors in the individual publications and meta-analyses. However, the current review does not address the discrepancies found in the individual studies or meta-analyses. The aim of presentation of data in Table 4 is to show some examples of how different the numbers entered into the decisive forest plot statistics can be if they are recalculated.
Summary of the Advantages and Disadvantages of Different Types of Meta-Analyses of CellBased Cardiac Studies
Currently, several types of meta-analyses have been conducted to analyze the effect of cell therapy in ischemic heart disease ( Table 5 ). There are different high-quality meta-analyses with specific aims and outcome measures, delivering different messages, and all have their advantages and disadvantages regarding the differences in analysis methodology, bias in data collection and study inclusion. All individual studies included ≤204 patients, so respective meta-analyses must pool small-and medium-sized clinical trials with nonuniform designs, cell types, delivery modes, and follow-up times. Consequently, there is a lack of homogeneity. In addition, the trials used cell therapy at different times after the ischemic event and had diverse inclusion or exclusion criteria. Even if the collection of IPD for meta-analyses is regarded as the gold standard, 37 no meta-analysis approach can replace randomized multicenter blinded studies.
Pitfalls of Evidence-Based Medicine: Negative Outcome of a Randomized Clinical Study Based on Positive Meta-Analysis Results
It has already been acknowledged that the results of metaanalyses can differ from subsequent large randomized clinical trials. 38, 39 The quality of publication-based meta-analyses depends on the quality, outcome assessment, and statistical report of the included clinical studies. Because of the variable precision of meta-analyses, the observed effect could be overestimated. Positive meta-analysis results can pave the way to initiating a large randomized clinical study with a neutral or negative outcome, as has been observed several times in medical literature and practice. 38, 39 Large randomized trials are considered the gold standard with the highest quality level I evidence for application of the study results in clinical practice based on the evidence-based medicine grading system. Importantly, the prespecified data collected in IPD-based meta-analyses (eg, ACCRUE) allow the results to truly reflect the original data, as well as pool them in a database in similar form as clinical trial case reports. Thus, IPD collection may be considered a novel prospective multicenter large randomized clinical trial and the IPD metaanalyses as evidence-based medicine.
Conclusions
The IPD meta-analysis is currently considered the gold standard for meta-analyses assessing the impact of a treatment on clinical outcomes, especially in the case of small-and medium-sized clinical cardiac regeneration studies. An IPD approach, such as the ACCRUE, permits data verification and allows adjustment for the same variables across studies. When dealing with cardiovascular outcomes, this approach generates time-to-event data for estimating survival, can explore heterogeneity at the patient level, and allows subgroup analyses. Using prespecified terms and conditions, the database is similar to that of a prospective multicenter randomized clinical trial with similar statistical assessment modalities combined with standardized approaches to evaluating meta-analyses.
Although data based on individual patients, rather than summary measures across patients, are preferable, these data are commonly unavailable. The IPD analyses rely on the data being available from studies. The IPD database is kept simple; therefore, a meta-analysis cannot evaluate some surrogate parameters if data are not gathered or factors are not available, such as different quality of life assessment scores.
The difficulties of the standard meta-analysis approaches have been reviewed here. Each has a place in the analysis of data when pivotal clinical trials are not available and each sheds light on the magnitude of the treatment effect in a complex healthcare field.
These 2 controversy articles attempt to explain why meta-analyses on cardiac cell-based regenerative studies report differing results. They provide a comprehensive review of the literature in the field at the present time. I think controversies in any field could have a very positive outcome, and I sincerely hope that this is the case for cell therapies in cardiac regeneration.
Noticeably, most of the controversies in the field stems from the lack of available data from a large, randomized, multicenter, blinded clinical trial and the substantial heterogeneity among clinical and meta-analytical studies. However, no meta-analysis is a replacement for that trial and as for any surrogate; one has to be mindful of its limitations and the fact that a meta-analytical finding may not always predict the results of a larger trial accurately.
I agree with the authors of the companion article that individual patient data meta-analyses can translate into reducing heterogeneity for clinical outcome measures and allow time-to-event data to be generated. Although the time and effort required and the financial costs of conducting an individual patient data meta-analysis can reduce their applicability in some cases. Here is where trial meta-analyses have their relevance. I have to emphasize that most established scientific knowledge is supported by a convergence of evidence. Interestingly, emerging evidence provided by qualitative (1) and quantitative (2, 3) assessment of cardiac cellbased regenerative studies suggests that patients who have had a recent myocardial infarction may not benefit from cell-based therapies over standard medical care. The question is whether other patients may benefit from these treatments. The MetaAnalysis of Cell-Based Cardiac Studies (ACCRUE) consortium has paved the way to encourage more international cooperation in this field. It has open the doors to more controversies that hopefully will stimulate more passionate debate and generate new work, whether is to conduct larger trials or to embark on more individual patient data studies. International cooperation will be needed in both cases.
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